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Description 

The invention relates to a display device according 
to the introductory paragraph of Claim 1. 

A display.device of this type is suitable for displaying 5 
alpha-numerical information and video information by 
means of passive electro-optical display media such as 
liquid crystals, electrophoretic suspensions and electro- 
chromic materials. 

A display device of the type described in the open- '0 
ing paragraph is known from European Patent Applica- 
tion no. 0 299 546 laid open to public inspection, in the 
name of the Applicant. This Application describes a 
drive mode providing the possibility of charging the pix- 
els in such a way that pixels in consecutive rows are '5 
charged at the opposite polarity (single row inversion) 
and the polarity in different frames is inverted (frame in- 
version), while there is a considerable freedom of choice 
as regards the form of colour filters which may be used. 

When using some colour filters, it may be advanta- 20 
geous to invert the polarity, for example, after driving 
every two rows (double row inversion) instead of one 
row. Asymmetries in picture electrodes or technical rea- 
sons regarding layout may also give rise to a repetition 
of certain patterns after for example, four rows so-that 25 
it may be favourable to repeat the inversion after every 
four rows or, more generally, after m rows. 

When such display devices arc used : stripes are 
usually visible along the edge of the groups of rows. In 
the case of double row inversion this becomes manifest 30 
in light rows alternating with dark ones. 

The present invention has, inter alia, for its object 
to provide a display device in which said stripe effects 
are reduced considerably. 

To this end a display device according to the inven- 35 
tion is characterized according to the characterizing part 
of Claim 1. 

The invention is based on the recognition that said 
stripe effects are mainly due tocapacitive couplings be- 
tween consecutive rows. <to 

In the case of such an inversion after, for example, 
m rows the first row of pixels in a subsequent group is 
charged in the opposite sense with respect to the pixels 
in the previous group. This" effect can be corrected to 
some extent by adapting the selection voltages at one 4 $ 
side or at both sides at the transition of a group of pixels 
to a subsequent row. Since the correction also depends 
on the capacitance of the pixel, which in its turn depends 
on the setting of this pixel on the transmission/voltage 
characteristic curve, the correction is preferably per- so 
formed for a pixel capacitance which corresponds to a 
setting halfv/ay the transmission/voltage characteristic 
curve (medium grey). 

The invention is notably suitable for colour display 
devices, using a colour filter whose colour pixels of one . ss 
and the same colour in consecutive rows are shifted with 
respect to each other by one or more columns. In the 
case of single row inversion similar colour pixels would 
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always be charged in the same direction, so that cross- 
talk of the column signal via the capacitive division of 
the capacitances of the pixel and of a non-tinear switch- 
ing element (diode, MIM) may have a detrimental effect 
(notably in larger areas of one and the same colour). By 
division into groups of two (double row inversion), with 
the possible exception of rows at the edge (of the dis- 
play), this crosstalk problem (between colymns and 
rows) is largely solved, but a capacitive coupling be- 
tween the row electrodes becomes visible in the form of 
said stripe effects. 

The adaptation, according to the invention, of the 
selection voltages reduces the occurrence of these 
stripes The picture electrodes may be connected to row 
or column electrodes via switching units consisting of 
one or more active switching elements. The switching 
elements may be two-poles (for example, diodes, MIMs) 
or three-poles (for example, thin-film transistors (TFTs)). 

The invention will now be described in greater detail 
with reference to some embodiments and the drawing 
in which 

Fig. 1 is a cross-sectional view of a display device 
embodying the invention, 
Fig. 2 shows a part of Fig. 1 on a larger scale, 
Fig. 3a is a diagrammatic plan view of a colour filter, 
with reference to which the above-mentioned prob- 
lems occurring in the case of single row inversion 
are explained, 

Fig. 3b is a diagrammatic plan view of a similar col- 
our filter, with reference to which the invention will 
be further described, 

Fig. 4 shows diagrarnmatically a part of the display 
device according to the invention and 
Fig. 5 shows equivalent circuit diagrams, with 
" respect to which aspects of the invention wilt be 
described, while 

Fig. 6 shows a part of the row signals for one of the 
drive modes. 

Fig. 1 shows in a diagrammatic cross-section a part 
of a display device, in this embodiment a liquid crystal 
display device 1 , comprising two supporting plates 2 and 
3 between which, for example, a twisted nematic liquid 
crystalline material 4 is present. The inner surfaces of 
the supporting plates 2 and 3 are provided with electri- 
cally and chemically insulating layers 5. A number of row 
and column-arranged picture electrodes 6 of indium-tin 
oxide or another electrically conducting transparent ma- 
terial is provided on the supporting plate 2. Transparent 
picture electrodes 7 of : for example, indium-tin oxide 
which are integrated to strip-shaped electrodes (in this 
embodiment column electrodes) are also provided on 
the supporting plate 3. The facing picture electrodes 6, 
7 constitute the pixels of the display device. 

Strip-shaped (for example, metal) row electrodes 8 
are arranged between "the rows of picture electrodes 6. 
Each picture electrode 6 is connected to a row electrode 
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6 via a switching element (not shown). Furthermore, liq- 
uid crystal orienting layers 10, 18 are provided on the 
inner surfaces of the supporting plates 2 and 3. As is 
known, a different orientation state of the liquid crystal 
molecules and hence an optically different state can be 
obtained by applying a voltage across the liquid crystal 
layer 4 The display device can be realised as a trans- 
missive or a reflective device and may have one or two 
polarizers. 

In Fig. 2 the cause of the capacitive coupling will be 
further explained. A stray capacitance C c , which is dia- 
grammatically illustrated by means of the field line 9, is 
produced wathe substrate 2 of, for example, glass. The 
picture electrode 6 a associated with the first pixel 11 a 
receives a voltage of, for example, -V c after selection. If 
the picture electrode 6 b associated with the next pixel 
also receives a voltage -V c in a subsequent selection 
period after it has received a voltage of ,+V c in a previous 
(frame or field) period (the transmission value of juxta- 
posed pixels, notably in large areas, is often closely cor- 
related), the voltage across the picture electrode 6 b 
changes from +V C to -V c . Such a voltage variation of 2V C 
of Ihis picture electrode causes a voltage variation via 
the capacitance C c across the pixel associated with pic- 
ture electrode 6 a by a value of AV = (Cc/(C p +C c +C m )) 
*2V C , or roughly (CJC p Y2V c . C p is the capacitance of 
the pixel and C m is the capacitance of the non-linear 
switching element (see also Fig. 5). 

The absolute value of the voltage across the first 
picture electrode increases when the second picture 
electrode is charged in the same direction and the first 
pixel becomes darker (based on a twisted nematic liquid 
crystal effect between crossed polarizers). However, if 
a third, subsequent pixel receives an opposite charge, 
the absolute value of the voltage across the second pixel 
will be smaller than is intended so that this pixel be- 
comes lighter. In the case of double row inversion the 
first row of each pair of rows in which the pixels are 
charged in the same direction becomes darker and the 
second row becomes lighter than is intended. In the 
case of inversion after larger numbers of rows this effect 
always occurs around the last row of the blocks into 
which the rows have been divided. 

Fig. 3a is a diagrammatic plan view of a plurality of 
pixels 11 of a colour display device with a colour filter 
whose colour elements (corresponding to pixels) in jux- 
taposed rows are shifted with respect to each other over 
half a pitch. When single row inversion is used, in which 
the above-mentioned capacitive crosstalk is largely cor- 
rected in monochrome display devices, pixels of the 
same colour in one column are always charged with the 
same sign. In Fig. 3a this is denoted by means of a + or 
a - sign. Since, for example, consecutive red pixels in 
the same column are always charged in the same direc- 
tion, crosstalk via the capacitive division of the capaci- 
tances associated with the non-linear switching element 
and the pixel (having a value of 
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AV k : voltage sweep on the column) 
causes a setting on the transmission/voltage character- 
istic curve which gives a too high or too low transmission 
for a given colour in one column. 

. In the case of double row inversion (Fig. 3b) suc- 
cessive pixels of one and the same colour in the same 

1Q column are charged in the opposite sense, but now the 
capacitive coupling of the rows produces the above- 
mentioned stripe effect. According to the invention this 
can at least partly be obviated by the choice of the row 
or selection voltages. 

J5 This will be further explained with reference to Fig. 
4. The display device shown in this Figure comprises a 
plurality of pixels 11 arranged in rows and columns 
which are driven via switching elements 12, for example, 
MIMs (metal-isolator-metal). By successively selecting 

2Q (energizing) row electrodes 8, information which is 
present on the column electrodes 7 is presented to the 
pixels 11. Row electrodes 8 are consecutively selected 
by means of, for example, a row selection circuit 1 3, 
while the information to be presented for a selected row 

25 of pixels is stored in a register 1 5. The assembly is driv- 
en and synchronized by means of the switching unit 1 5. 
tn this embodiment the rows are divided into groups of 
two, with the possible exception of the first and the last 
row, i.e. a display device comprising n rows of pixels is 

3Q then divided into at least (n-2)/2 groups of two rows of 
pixels. 

Fig. 5a shows a part (three pixels) of the device of 
Fig. 4 in which the stray capacitance C c is shown by 
means of broken lines. If the pixels 1 1 a and 1 1 b are con- 

35 secutively charged positively (double line inversion) by 
means of selection voltages on the row electrodes 3 a , 
8 b and if subsequently pixel 11 C is charged negatively 
by selecting row electrode 8 C , the voltage across pixel 
11 b is decreased. According to the invention this is pre- 

4Q vented by choosing the selection voltage across the row 
electrode 8 a (hence 8 C ...) to be lower, or by choosing 
the voltage across the row electrode 8 b to be higher; a 
combination is alternatively possible. In the relevant em- 
bodiment in which the row electrodes are divided into 

4S groups of two the selection voltages within each group 
of two are thus different. The correction to be set is also 
dependent on the setting on the transmission/voltage 
characteristic curve and is preferably set at a value half- 
way this characteristic curve (medium grey). 

50 The device of Fig. 4 can also be driven by means 
of the method as described in EP-A-0 362 939. Fig. 6 
shows diagrammatically the associated selection sig- 
nals (5-level drive) for two replacement page 6/7: 
successive rows. If a row is charged positively, 

55 which corresponds to a selection voltage V s1 , in Fig. 6, 
the variation of the voltage across picture electrode 6 
(medium grey is -2V C = -(V sat , + V th ) (this value also ap- 
plies to the previous example; V sat : saturation voltage , 
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V th : threshold voltage), which corresponds to a negative 
voltage variation resulting from capacitive coupling to 
the picture electrode in the previous row. It the row is 
charged negatively, the reset voltage V res is first applied 
to a row electrode. This does not have any influence on 
the picture electrode in the previous row because this 
row receives a selection voltage V s2 at that moment and 
consequently the non-linear switching element is still 
conducting (time interval tl in Fig. 6). Picture electrode 
6 ts charged to a voltage of at least V sat » ^(V^-V^) at 
the end of the reset period. At the end of the next selec- 
tion period the voltage (in the case of medium grey) is 
1/2(V sat +V th ) resulting in a net variation of > -(V^-V^) 
across the picture electrode in the previous row. This 
negative voltage variation resulting from capacitive cou- 
pling is smaller than in the case of 4-level drive so that 
the selection voltages are chosen to be slightly different 
than in the previous embodiment in which the voltage 
variation resulting from capacitive coupling has sub- 
stantially the same value in both cases. 

For the devices of Fig. 5b and 5c slightly different 
considerations are used with respect to the values of the 
voltage variations across the picture electrodes, but 
here again stripe effects can be largely prevented by 
adapting one or more selection voltages within a group 
of rows in the case of double row inversion, or more gen- 
erally, inversion after m rows. 

The invention is of course not limited to the embod- 
iments described but several variations are possible 
within the scope of the invention. The stray capacitance, 
which causes said capacitive coupling between the 
rows : does not only exist in devices with two-poles as 
shown in (he Figures but also in active pixels based on 
three-poles such as TFrs so that the invention is also 
applicable in this field, in the case of a division of the 
rows into larger groups the stray capacitance to a picture 
electrode which is further remote may be taken into ac- 
count, if necessary, in the adaptation of the selection 
voltages. 

Claims 

1. A display device comprising a system of pixels 
arranged in rows and columns and a row selection 
circuit which can select rows of pixels by means of 
selection voltages, presented during operation to 
row electrodes, the device also comprising a circuit 
for presenting data voltages to column electrodes 
during selection, characterized in that the row 
selection circuit can select consecutive rows of pix- 
els within groups of at least two rows of pixels during 
operation and charges consecutive groups of pixels 
in the opposite sense, the rowselection circuit being 
capable of applying a selection voltage to at least 
one row electrode at the beginning or the end of a 
group of rows during operation, which selection 
voltage differs from selection voltages applied to 



other row electrodes within the group. 

2. A display device as claimed in Claim 1 character- 
ized in that absolute values of pixel voltages asso- 

5 ciated with the last row of pixels within a group are 
higher than absolute values related with picture 
information to be displayed. 

3. A display device as claimed in Claim 1 or 2 charac- 
io tcrized in that the absolute value of the selection 

voltage applied to the row electrode associated with 
the last row within a group is higher than the abso- 
lute value of the selection voltages applied to other 
row electrodes within the group. 

15 

4. ■ A display device as claimed in Claim 1 or 2 charac- 

terized in that the row selection circuit is capable of 
providing a reset voltage to a row electrode before 
selection, the absolute value of the selection volt- 
20 age applied after reset to the row electrode associ- 
ated with the last row of pixels within a group being 
lower than the absolute value of the selection volt- 
ages applied after reset to other row electrodes 
within the group. 

25 

5. A display device as claimed in Claims 1 to 4 char- 
acterized in that the rows are divided into groups of 
two, with the possible exception of the first and the 
last row of the display. 

30 

6. A display device as claimed in Claims 1 to 4 char- 
acterized in that the picture electrodes are con- 
nected to row electrodes or column electrodes via 
active switching units. 

35 

7. A display device as claimed in Claim 6 character- 
ized in that the active switching units comprise one 
or more two-pole means or three-pole means. 

to 8. A display device as claimed in Claims 1 to 7 char- 
acterized in that it comprises a colour filter whose 
colour pixels of one and the same colour in consec- 
utive rows are shifted with respect to each other by 
one or more columns. 

45 

9. A display device as claimed in Claims 1 to 7 char- 
acterized in that it comprises a colour filter whose 
colour elements in juxtaposed rows are shifted with 
respect to each other over half a pitch. 

50 

Patentanspruche 

1. Wiedergabeanordnung mit einem System reihen- 
55 und spaltenweise gegliederter Bildelemente und 
mit einer Reihenselektionsschaltung, die mit Hilfe 
von Setektionsspannungen Reihen von Bildele- 
menten selektieren kana wobei diese Spannungen 
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im Betricb Rcihcnciektrodcn zugefuhrt wcrdcn, 
wobei die Anordnung ebenfalls eine Schaltungsan- 
ordnung aufweist zum bei Selektion Zufuhren von 
Datenspannungen zu Spaltenelektroden, dadurch 
gekennzeichnet , daft die Reihenselektionsschal- 
tung aufeinanderfolgende reihen von Bildelemen- 
ten innerhalb Gruppen von Bildelementen in entge- 
gengesetztem Sinne selektieren kann, wobei die 
Reihenselektionsschaltung irnstande ist, wenig- 
stcns eincr Reihenclektrode am Anfang odor am 
Ende einer Gruppe von reihen im Betrieb eine 
Selektionsspannung zuzufuhren, wobei diese 
Selektionsspannung anders ist ats die Selektions- 
spannungen, die anderen reihenelektroden inner- 
halb der Gruppe zugefuhrt werden. 

2. Wiedergabeanordnung nach Anspruch 1, dadurch 
gekennzeichnet . daft der Absolutwert von Bildele- 
mcntspannungcn, die der fetztcn Rcihe von Bild- 
elementen innerhalb einer Gruppe zugeordnet 
sind, hoher ist als der Absolutwert in bezug auf wie- 
derzugebende Bildinformation. 

3. Wiedergabeanordnung nach Anspruch 1 oder 2, 
dadurch gekennzeichnet , daft der Absolutwert der 
der der fetzten Reihe innerhalb einer Gruppe zuge- 
ordneten Reihenelektrode zugefuhrten Selektions- 
spannung hoher ist als der Absolutwert der den 
anderen Reihenelektroden innerhalb der Gruppe 
zugefuhrten Selektionsspannungen. 

4. Wiedergabeanordnung nach Anspruch 1 oder 2, 
dadurch gekennzeichnet , daft die Reihenselekti- 

' onsschaltung einer Reihenelektrode vor der Selek- 
tion eine Ruckstellspannung zufuhren kann, wobei 
der Absolutwert der Selektionsspannung, die nach 
Rucksteltung der Reihenelektrode zugefuhrt wird, 
die der letzten Reihe von Bildelementen innerhalb 
einer Gruppe zugeordnet ist. niedriger ist als der 
Absolutwert der Selektionsspannungen, die nach 
der Ruckstellung anderen Reihenelektroden inner- 
halb der Gruppe zugefuhrt werden. 

5. Wiedergabeanordnung nach Anspruch t bis 4, 
dadurch gekennzeichnet , daft die Reihen in Zwei- 
ergruppen aufgeteilt sind, ggf.. die erste und die 
letzte Reihe der Wiedergabeanordnung ausgenom- 
men. 

6. ■ Wiedergabeanordnung nach Anspruch 1 bis 4, 

dadurch gekennzeichnet , daft die Bildelektroden 
uber aktive Schaiteinheiten mit Reihen- oder Spal- 
tenelektroden verbunden sind. 

7. Wiedergabeanordnung nach Anspruch 6, dadurch 
. qokennzeichnet . daft die aktiven Schalteinhciton 

ein oder mehrere Zweipolmittel oder Dreipolmittel 
aufweisen. 



8. Wiedergabeanordnung nach Anspruch 1 bis 7, 
dadurch gekennzeichnet , daft sie ein Farbfilter auf- 
weist, wobei die Farbbildelemente gleicher Farbe in 
aufeinanderfolgenden reihen um eine odermehrere 

5 Spalten gegenuber einander verschoben sind. 

9. Wiedergabeanordnung nach Anspruch 1 bis 7, 
dadurch gekennzeichnet , daft sie ein Farbfilter auf- 
weist, wobei Farbelemente in benachbarten Reihen 

'0 um einen halben Mittenabstand gegenuber einan- 
der verschoben sind. 



Revendications 

15 

1. Dispositif d'affichage comprenant un systeme de 
pixels agences en rangees et en colonnes et un cir- 
cuit de selection de rangees qui peut selectionner 
des rangees de pixels a I'aidc dc tensions de selec- 

2 o tion presentees pendant le fonctionnement a des 
electrodes de rangees, le dispositif comprenant 
egalement un circuit destine" a presenter des ten- 
sions de donnees a des electrodes de colonnes au 
cours de la selection, caracterise en ce que le circuit 

25 , de selection de rangees peut selectionner des ran- 
gees consecutives de pixels dans des groupes d'au 
rnoins deux rangees de pixels pendant le fonction- 
nement et charge des groupes consecutifs de 
pixels dans le sens oppose, le circuit de selection 

30 de rangees etant a meme d'appliquer une tension 
de selection a au moins une electrode de rangee 
au d6but ou a la fin d'un groupe de rangees pendant 
le fonctionnement, ladite tension de selection diffe- 
rant des tensions de selection appliquees a d'autres 

35 electrodes de rangees du groupe. 

2. Dispositif d'affichage selon la revendication 1, 
caracterise en ce que les valeurs absolues de ten- 
sions de pixels associees a la derniere rangee de 

^0 pixelsd'un groupe sont plus elevees que les valeurs 
absolues qui ont trait aux informations d'image a 
afficher. 

3. Dispositif d'affichage selon la revendication 1 ou 2, 
45 caracterise en ce que la valeur absolue de la ten- 
sion de selection appliquee a I'electrode de rangee 
associee a la derniere rangee a I'interieur d'un 
groupe est superieure a la valeur absolue des ten- 
sions de selection appliquees a d'autres electrodes 

50 de rang6es du groupe. 

4. Dispositif d'affichage selon la revendication 1 ou 2, 
caracterise en ce que le circuit de selection de ran- 
gees est a meme d'appliquer une tension de remise 

55 a une electrode de rangee avant selection, la valeur 
absolue de la tension do selection appliquee apres 
remise a I'electrode de rangee associee a la der- 
niere rangee de pixels d'un groupe etant inferieure 
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a la valour absoluc dcs tensions de selection appli- 
quees apres remise a d'autres electrodes de ran- 
gees a I'interieur du groupe. 

Dispositil d'affichage selon les revendicalions 1 a 5 
4, caracterise en ce que les rangees sont divisees 
en groupes de deux, a I'exception possible de la 
premiere et de la derniere rangees de I'affichage. 

Dispositif d'aftichago selon les rcvcndications 1 a to 
4 : caracterise en ce que les electrodes d'image sont 
connectees a des electrodes de rangees ou de 
colonnes via des unites de commutation actives. 

Dispositif d'affichage selon la revendication 6; '5 
caracterise en ce que les unites de commutation 
actives comprennent un ou plusieurs moyens bipo- 
la.ires ou tripolaires. 

Dispositif d'affichage selon I'une quelconque des 20 
revendications i a 7, caracterise en qu'il comprend 
un filtre de couleurs dont !es pixels d'une seule et 
meme couleur de rangees consecutives sont deca- 
les les uns par rapport aux autres d'une ou plusieurs 
colonnes. 25 

Dispositif d'affichage selon les revendications 1 a 
7, caracterise en cc qu'il comprend un filtre de cou- 
leurs dont les elements de couleur de rangees jux- 
taposees sont decales les uns par rapport aux 30 
autres d'un demi-pas. 
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